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Review of Goh et al.
A growing number of studies have indi-
cated that aging alters decision-making
processes, but the knowledge about the
trajectory and causes of these changes are
still limited (Samanez-Larkin and Knutson,
2015). A recent meta-analysis revealed that
age-related differences in decision-making
vary as function of context (Mata et al.,
2011). In experiments requiring decisions
under uncertainty, in which probabilities
and possible outcomes must be learned
through feedback from previous choices,
older adults were more risk-seeking than
younger adults when learning should have
made them risk-averse, but were more
prone to risk-aversion when learning
should lead to risk-seeking. However, in
experiments requiring decisions under
risk, in which probabilities and out-
comes are fully known, younger and
older adults showed similar decision-
making behavior (Mata et al., 2011).
Studies using the Iowa Gambling Task
(Bechara et al., 1994) have indicated
that individual differences may also in-
fluence the effect of aging on decision-
making. For instance, in a study by
Denburg et al. (2005), although older
adults overall had worse performance than
younger adults, a subset of older participants
as well as younger adults performed the Iowa
Gambling Task. Moreover, differences be-
tween older adults’ performance was not
explained by age, education level, or
neurocognitive function. Nevertheless,
the influence of individual differences on
decision-making is considerably less stud-
ied than the influence of context.
In a recent publication, Goh et al. (2016)
used fMRI to identify neural correlates of
value processing associated with individual
differences in decision-making throughout
aging. To achieve this, the authors as-
sessed cognitively healthy older adults
with a lottery choice task. Each trial was
divided into a choice phase and a feedback
phase. In the choice phase, participants
were offered a stake (a number of points
that they would win or lose), along with
the probability of winning or losing the
stake. The participants had to decide whether
to accept or reject the stake, based on the
amount and the probability of winning or
losing, which determined the expected
value (EV). In the feedback phase, partic-
ipants viewed the outcome of each trial
and the total accumulated points.
Functional imaging revealed several
regions of the frontal, striatal, and medial
temporal areas that were sensitive to EV
variation, regardless of age or individual
risk preferences. Specifically, activity in
the right inferior frontal gyrus, left cau-
date, ventral ACC, and mPFC increased
with increasing EVs, whereas activity in
the putamen, thalamus, right middle frontal
gyrus, left inferior frontal gyrus, and hip-
pocampus increased with decreasing EVs.
In addition, Goh et al. (2016) found
that risk preferences vary substantially
within older adults, consistent with evi-
dence from Iowa Gambling Task studies
(Denburg et al., 2005). Based on the pat-
tern of decisions, the authors divided their
sample into three subsamples: risk-neutral
older adults who declined trails that had
EVs  0; risk-takers who accepted stakes
with EVs  0; and risk-averters who de-
clined stakes with EVs  0. This variabil-
ity in risk preferences was associated with
group differences in frontal, striatal, and
medial-temporal responses to EVs during
choice evaluation. Specifically, compared
with participants neutral to risk, risk-
averters had greater activation of the an-
terior cingulate region, medial superior
frontal gyrus, bilateral parahippocampal
gyri, right orbitofrontal gyrus and cau-
date, and left thalamus and putamen, to
increasing EVs. In contrast, risk-takers
had greater neural responses to decreasing
EVs, consistent with a propensity for ex-
periencing gains under risk. Interestingly,
risk-takers also showed more striatal acti-
vation to gains than losses, which was
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interpreted as a possible indication of
greater surprise (Goh et al., 2016).
The important role of frontal, striatal,
and medial temporal areas in the anticipa-
tion of gains and losses and in value inte-
gration had previously been highlighted in
the affect-integration-motivation framework
(AIM), which attempts to clarify how af-
fective and motivational circuits support
decision-making in aging (Samanez-Larkin
and Knutson, 2015). The AIM proposes
that three sequential processes precede
choice. First, affect processes potentiate
anticipation of gains and losses; these pro-
cesses are associated with mesolimbic do-
pamine projections to NAc and other
areas, noradrenaline projections from lo-
cus ceruleus to anterior insula, and gluta-
matergic projections from anterior insula
to ventral striatum. Second, integration
processes facilitate the integration of val-
ues of each choice with other relevant in-
puts; these processes are associated with
ventral tegmental area dopamine neurons
and locus ceruleus noradrenaline neu-
rons, both of which project to mPFC and
back to ventral striatum. Finally, motiva-
tional processes potentiate motor action;
they are associated with dorsal striatal and
insular glutamatergic neurons that proj-
ect to the presupplementary motor area.
Aging may be associated with degenera-
tion of glutamatergic projections from
mPFC to the striatum, which could di-
minish value integration and compromise
optimal choices (Samanez-Larkin and Knut-
son, 2015). This may explain why Goh et al.
(2016) found a positive association be-
tween increasing age and risky decisions,
despite increasing frontal responses to
costlier choices.
Results from previous studies suggest
that the differences in risk preferences
among older adults found by Goh et al.
(2016) may be explained by differences in
emotional and motivational processes.
Aging appears to preserve gain anticipa-
tion, associated with NAc activity, but re-
duces loss anticipation, associated with
anterior insula activity. This could lead
to overvaluation of anticipated rewards.
Moreover, older adults show reduced re-
ward learning, which may be related to
diminished NAc responsiveness to vio-
lated reward expectations, as well as de-
graded connectivity from mPFC to NAc
(Samanez-Larkin and Knutson, 2015).
Moreover, if gain anticipation circuits are
preserved while value integration circuits
are degraded, dynamic updating and
probabilistic learning might be compro-
mised, in agreement with the assumptions
of the AIM (Samanez-Larkin and Knut-
son, 2015). This hypothesis is also sup-
ported by the results of Goh et al. (2016),
which evidenced that risk-takers accepted
risks when losses were likely, even after
receiving negative feedback. This diffi-
culty of changing the decision strategy af-
ter negative feedback also accords with the
positivity effect (Mather et al., 2012), which
postulates that older adults allocate more
attention to and are better able to memo-
rize positive emotional materials than
negative stimuli (Nashiro et al., 2012).
The positivity effect (Mather et al., 2012) is
understudied in contexts of economic
decision. The positivity effect can be
harmful because affective responses that
anticipate disadvantageous outcomes may
fail. For instance, if older adults allocate
more attention to positive materials, they
may neglect the negative aspects of a
choice, or minimize negative consequences of
an outcome. This hypothesis is supported
by a previous study, which showed that
older adults, compared with younger
adults, had decreased activity in the right
insula (whose activity is related to risk
avoidance) (Paulus et al., 2003), during
loss, but not gain, anticipation (Samanez-
Larkin et al., 2007). Furthermore, in tasks
involving decisions under uncertainty,
older adults needed more trials than
younger adults to learn the association be-
tween stimuli and rewards (Mell et al.,
2009), and aging was associated with a
weaker and less extensive striatal activa-
tion during the processing of outcomes
(Cox et al., 2008; Mell et al., 2009).
The results found with risk-averters
are more difficult to explain because they
are less consistent with previous findings.
According to Goh et al. (2016), the risk-
averters made disadvantageous choices by
not accepting risks when gains were likely.
Despite it being widely hypothesized that
older adults may be worse decision-makers
because of increased risk-aversion (Deakin et
al., 2004), several studies showed that older
adults’ preference for safer choices ap-
pears to be task-dependent (Lee et al.,
2008; Zamarian et al., 2008; Henninger et
al., 2010; Hosseini et al., 2010). For in-
stance, one study revealed that older
adults were simultaneously more risk-
averse and risk-seeking: they preferred a
sure gain over a chance to win a higher
reward but chose to take a chance on los-
ing a large reward rather than accepting a
sure smaller loss. (Mather et al., 2012).
This result is in accordance with the pros-
pect theory, which postulates that individ-
uals are risk-averse for gains (preferring to
choose smaller certain outcomes than larger
uncertain outcomes) and risk-seeking for
losses (preferring to choose a larger possi-
ble loss than a smaller certain loss) (Kah-
neman and Tversky, 1979). This pattern
of preferences is called the certainty effect
and appears not to change with age. The
findings of Goh et al. (2016) with the risk-
averse subsample may be best explained
by the changes in activity in ventral stria-
tum and the ACC. Both of these areas are
involved in making risky decisions and in
successful reward-based learning (Marschner
et al., 2005; Huettel et al., 2006; Schultz,
2006) and were not found to be activated
during anticipation of gains (Dreher et al.,
2008).
In conclusion, the findings of Goh et
al. (2016) advance our understanding of
the mechanisms underlying decision-
making during aging. Their results high-
light the key role of the frontal, striatal,
and medial temporal areas in making
value-based decisions, in accordance with
the AIM framework (Samanez-Larkin and
Knutson, 2015). Furthermore, they rein-
force evidence that, within the elderly,
decision-making strategies are heteroge-
neous, and individual differences must be
further studied to allow the identification
of individual vulnerabilities to making
disadvantageous decisions. In addition,
further studies must investigate the un-
derlying mechanisms of loss aversion be-
cause it is a less consistent finding in
decision-making throughout aging.
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